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Preface 



Reinforced concrete has ceased to be an ex- 
periment in the hands of the specialist. The 
strength of the various members required in the 
composition of a structure, can be as safely calcu- 
lated in reinforced concrete as they can be in wood 
or steel. The principal difficulty at the present time 
lies in the fact that the specialists doing this class 
of work are largely in the employ of companies 
who are exploiting some particular feature in the 
line of reinforcement. 

Architects and engineers have grown into the 
habit of specifying that the contractor shall furnish 
the designs for the reinforced portions of the work 
under consideration. General contractors in turn 
have been obliged to go to subcontractors who 
make a specialty of this line of work to get the de- 
signs. The result has been that no two competi- 
tors base their bids upon the same design. The 
one accepted may be unnecessarily expensive be- 
cause of the patented features in the reinforcement 
used, or it may be unsafe because of the insuffici - 
ency in the materials, or an inefficiency in the 
design. 

Brayton Standards is a compilation of informa- 
tion acquired from actual experience, coupled with 
the necessary theory. The methods of construc- 
tion shown are not merely theoretical, but have 
been put into practice and found highly efficient 
and economical. No patented bars are used, although 
there could be no objection to them if placed in 



equivalent quantities, and in the forms shown. 
Plain, round rods are the cheapest form of rein- 
forcement, as they may be bought in any market 
and are not subject to the prices quoted upon bars 
of special design. They will accomplish every duty 
required of them if they are placed in the proper 
form, as indicated in the accompanying details. 

Where some form of distorted bar is consider- 
ed necessary to aid the adhesion of the concrete, 
plain twisted square bars will serve every purpose. 
These may be obtained from many sources with- 
out extra cost, except that added for the labor of 
twisting. 

' The primary object in placing these tables and 
details in such form as to be available for the use 
of all, is to enable arthitects and engineers who 
have not made a specialty of this class of work, to 
show the complete drawings required to properly 
illustrate a structure in reinforced concrete, so 
that all contractors bidding upon the work will bid 
on a uniform basis, and upon a design which is 
entirely satisfactory to all those concerned. 

Brayton Standards are conservative, and as 
accurate as is consistent with this class of 
work. It is hoped that the use of them will 
render the design of reinforced concrete as easy for 
architects, engineers and builders as is the design 
of a steel structure at the present time. 
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REINFORCED CONCRETE. 
Principles of Design 



In the planning of a structure in reinforced 
concrete, as well as in other materials, there are 
two questions of utmost importance: The question 
of capacity to preform the duties imposed upon the 
structure, and the question of cost. The two are 
so closely related that each must be kept continually 
in mind when the other is under consideration. 

The tables contained herein, are prepared in 
such a way as to be simple in their use, but it is 
left to the designer to use them to the best advan- 
tage from the standpoint of economy. 

Particular attention is called to the use of 
continuous construction in slabs, and especially 
when it is used in the form of **two-way'' rein- 
forcement, supported upon the four sides of the 
panel. The maximum economy is here attained. 
A word of caution, however, may prevent an error 
in the calculation of oblong panels of the ** two- 
way*' type.. The method by which these panels 
are calculated is explained on page 12. Another 
frequent source of error is the neglect of the end 
spauy where continuous reinforcement is used. 
This span should be calculated by a different for- 
mula, as noted in connection with the illustrations 
on page 21. See also the discussion on page 20. 

The question of economy of a structure may be 
largely influenced by the designer, if proper atten- 
tion is paid to the forms which will be required in 
construction. For instance, consider that a nine-story 
warehouse may be under construction: The first, 
second and third floors may have a capacity of 500 
pounds per square foot; the fourth and fifth floors 
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a capacity of 300 pounds per square foot, and the 
remaining floors 200 pounds per square foot, except 
the roof, which need be calculated for only 50 
pounds liveload. If one were to design this build- 
ing without particular reference to the forms, he 
might assume certain sized beams for the first 
three floors, then, as the capacity reduces in the 
floors above, the beams might be correspondingly 
reduced in their dimensions, as well as in the rods 
used for tension purposes. The roof might have 
beams of a very small size compared with those 
used in the floors. 

From the standpoint of economy, the sizes of 
beams should be maintained the same throughout 
the building, if at all possible, for the reason that it 
will be far more economical to buy enough lumber 
for only about one third the floors, manufacture 
the beams into permanent forms, and use them 
three times during the construction of the building, 
than to rebuild the forms for so many different 
sizes of beams. With this arrangement, as the 
lower floors become sufficiently set to become self 
supporting, the forms may be removed and used in 
the upper stories. If the beams in the upper 
stories are of smaller dimensions than they are 
below, the labor of remodeling forms will cost far 
more than the extra concrete would if the beams 
were made of the same dimensions as used under 
the heavier capacities. Even the roof with its ex- 
tremely light load may be more economical if the 
large sized beams are used. 

If for any reason it is necessary to change the 
sizes of the beams, then the dimensions should 
be arranged in such a way that the forms 
can be conveniently changed without ripping the 
lumber. This might be attained by making an 
even four-inch change in depth, so that if the 
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forms were built using a 2x4 in the side, it could 
be removed to give the shallower depth beam. 

The same principal occurs in the construction 
of columns. It is economy to use the same sized 
columns from the basement to roof, or at least, 
not change the size of columns more than once, 
throughout the height of the column stack. If 
the column is changed in size one or two inches 
at every story, it will mean not only remodeling 
all column forms, but the splicing out of beam 
forms in order to make them properly fit the new 
dimensions. 



BRAYTON STANDARDS 



The Theory 

For those who wish to know the basis upon 
which these tables are calculated, and for use 
under conditions which may arise outside of those 
covered, the accompanying diagram and explana- 
tion are given. 

Where such points as the neutral axis, center 
of compression, etc., are assumed, suffice it to say 
that the assumptions have been based upon tests 
from numerous sources, and that although the 
theory may be impirical in some ways, it certainly 
is not in error more than two or three per cent. 
In consideration of the materials used and the high 
factors of safety required, closer calculation than 
this would amounts to hair splitting. 

Points in the following discussion are graphical- 
ly shown on page 7. 

It is assumed the compression area is a tri- 
angle with its center of gravity at two-thirds of the 
height. The neutral axis is located at a depth of 
0.45 of the distance from the extreme compression 
fibre to the center of tension. Thus the effective 
depth which is the distance between the centers of 
tension and compression, is equal to 0.85 of the 
distance of the center of tension from the extreme 
compression fibre. The moment of resistance is 
equal to the effective depth multiplied by the ten- 
sion. The exact location of the 'neutral axis is 
not of great importance for it can be seen that if 
it were lowered, increasing the compression tri- 
angle, the effective depth would also be decreas- 
ed and the moment of resistance consequently in- 
fluenced in a lesser degree. 

Considering a beam 12 inches wide and 1 inch 
deep from the extreme compression fibre to the 
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centre of gravity of the steel, the compression area 
is found to be 2.7 square inches, with a total pres- 
sure of 1350 pounds. The effective depth is 0.85 
of the total depth, and the tension required in 
steel is 1350 pounds, all as shown by the diagram. 
The moment of resistance in foot pounds is 
equal to the stress in the steel multiplied by the 
effective depth in feet, giving a result of 95.62 foot 
pounds. 



CAIXULATION DlAqp-AM '^o^^LAB:^ 




This diagram is designed with the idea that 
the extreme fibre will attain its full safe capacity 
of 500 pounds per square inch, which is a fact- 
or of safety of at least four on the concrete 
when the steel is stressed to one half its elastic 
limit, giving the regulation factor of safety of two 
required for steel in combination with concrete. 
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If the bending moment is such as not to re- 
quire the full development of the concrete in com- 
pression the conditions will change only in the 
amount of tension supplied, and the pressure on 
the concrete or the location of the neutral axis 
need not be considered. If only 56.6 foot pounds 
of resistance were required, then only 800 pounds 
tension would be needed in the steel and the area 
would be reduced by one-half. 

For the properties of any beam developing tl*e 
full capacity of the concrete, the process of calcu- 
lation is merely by comparison with the beam 1 inch 
deep as already explained. Thus, where the depth 
means the distance from the extreme compression 
fibre to the center of tension in inches, the total 
capacity in pounds of the compression flange of a 
rectangular beam is 1350 times the depth. The 
tension being always equal to the compression in a 
beam, the maximum tension in pounds which 
a heam can take is also equal to 1350 times the depth 
in inches. Steel supplying tension in addition to 
this amount would be wasted. 

Since the tension in a beam and the effect- 
ive depth, or the moment arm, are each directly 
proportional to the depths the moment of resistance, 
which is the product of the two, is proportional to 
the square of the depth. Hence, by comparison 
with the beam one inch in depth, the moment 
of resistance of any beam in foot pounds is equal to 
95j62 times the square of the depth in inches. 

Example: (1). What is the moment of resist- 
ance of a reinforced concrete beam 12 inches wide 
by 20 inches deep. (2). What is the area of steel 
required, the steel having an elastic limit of 32,000 
pounds per square inch. (3). What area of steel 
would be required to give a moment of resistance 
of 34,000 foot pounds. 
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Answer. 

(1) Moment of resistance=9S.62X202 = 38248 foot pounds 

(2) Area of Steel= ^350X20 ^^ qq ^ ^^^^ inches. 

16000 ^ 

(3) Area of Steel =_J!^2SH_ =1.5 inches. 

0.85X20X16000 
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The Location of the Steel. 



A reinforced concrete beam or floor slab is 
nothing less than a truss, and it may be treated in 
exactly the same manner. A truss may have its 
tension web members on the vertical or diagonal. 
It is equally good either way, but the efficiency of 
these members is absolutely limited by the strength 
of their connections at either the bottom or the 
top chord. 

The same thing is true of the reinforced con- 
crete truss. It should be laid out with an effect- 
ive depth of 0.85 of the total depth, and calcu- 
lated in the same manner as a truss of any ordi- 
nary type. The concrete will fulfill the require- 
ments of compression in the top chord and web, 
and steel should be placed to take the tension in 
the lower chord and web. Steel web members, 
as in the ordinary truss, should be proportioned to 
the stresses, in them and they should be provided 
with a method of connection to each chord of suf- 
ficient strength to develop these stresses. 

A beam or girder is usually used in connec- 
tion with the floor slab, and the two are so 
thoroughly bonded together that they act as one 
in the form of a tee-section. The slab, like the 
compression flange of an I-beam, assists in pro- 
viding the compression strains in the beam. There 
is a source for argument as to how far out into 
the slab it may be considered that the tee-section 
extends, the slab acting with and as a part of the 
compression area of the beam; but it is perfectly 
logical to assume that this slab does take some of 
the compression of the beam, the same as the 
flange plates in a plate girder are made to resist 
the compression stresses by means of their con- 
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nection through the flange angles and rivets to the 
web. 

In ordinary construction, where the floor 
slab runs as thick as 5 or 6 inches and the ten- 
sion stresses of the beam are not exceptionally 
large, there is not much question but that the 
slab will supply all of the compression required, 
without assuming its width to be more than three 
or four feet. 

In thin slabs, however, or where the beam is 
of such a high capacity as to require a great 
amount of steel in the tension flange, the slab may 
be called upon to supply an excessive amount of 
compression. In this case the test of how wide a 
portion of the slab may be considered as acting in 
compression with the beam, should be the shear- 
ing value of the slab both vertically and horizon- 
tally where it connects with the beam. The prin- 
cipal is the same as the calculation of rivet spacing in 
the flange of a plate girder. If the arrangement of 
steel is provided as shown in the standards, the 
shear along the plane of the lower side of the slab 
is amply provided for within the steel members as 
they pass from the lower flange of the beam, up 
into the slab and over the point of support. 

In cases where the slab is so thin as not to be 
considered of value in providing compression, steel 
reinforcement in the form of rods imbedded in the 
compression chord of the beam should be provided 
in sufficient quantity to give it the required strength 
and reduce the fibre strain in the concrete to a 
maximum of 500 pounds to the square inch. In 
placing these rods in the compression chord of the 
beam, care should be taken that they are so located 
as to be thoroughly bonded to the rest of the beam 
by means of their intermingling with the shear 
loops. 
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Distribution of Lood in a Rectongulor 
Panel. 



From the standpoint of economy it is advis- 
able always to reinforce a concrete slab in two 
directions. By this arrangement of the steel, 
whether it is simple or continuous, the load is 
carried in two directions and is supported on the 
four sides of the panel by means of the surround- 
ing beams or walls. 

In order to calculate the proportion of the 
load, both the live and the dead, which is carried 
in each of the two directions, it is necessary to 
calculate the strains caused in the oblong panel 
under the deflection obtained. It will be readily 
seen that under a given deflection a much greater 
strain will be caused in the direction of the short 
span than in the direction of the long span, for the 
distortion is proportionally greater. 

It is unnecessary to explain the details of the 
calculations to arrive at the accompanying table 
given on page 14 . The results are in the most 
convenient form. 

The first column of the table gives the ratio 
€>f the kngth to the breadth, the second column 
in the taWe gives the proportion of the load per 
square foot which is carried by the short span, and 
the third column gives the proportion of the load 
which is carried by the long span. 

It. will be seen that in a panel perfectly square, 
where the length is equal to the breadth, the ratio 
is one, and that an equal amount of the load is 
carried in each direction. In this case the designer 
would assume the dead and live load per square 
foot, divide this by two, and calculate the thick, 
ness of slab, and the amount of reinforcement re. 
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quired to carry this load on the span given. The 
total reinforcement required for the slab would be 
equal to double the amount required by this calcu- 
lation, as it would be used in both directions. 

In case the ratio of the length to the breath 
should be 1.2, the table shows that 0.675 of the 
load is carried on the short span and 0.325 of it is 
carried on the long span. The method of calcu- 
lation in this case would be to consider 0.675 of 
the total load per spuare foot as being carried on 
the short span, and the thickness of slab and rein- 
forcement would be determined by these assump- 
tions. The thickness of the slab being thus de- 
termined, it remains only to calculate the reinforce- 
ment required in the long direction of the panel. 
This is done by placing sufficient steel in the slab 
already calculated to give a moment of resistance 
equal to the bending moment caused by 0.325 of 
the total load being carried on the long span. 

Particular attention is called to the fact that 
in all formulae given in connection with the dia- 
grams, W represents that portion of the total dead 
and live loads per square foot, which is carried in 
the direction of the span under consideration. 

It will be readily seen that a panel very oblong 
is not an economical proposition, and the designer 
should make every effort to keep the rectangles as 
near square as possible. 



14 



BRAYTON STANDARDS 



Distribution of Load in a Rectangular Panel. 
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Slab Reinforcement. 

These standards illustrate the different methods 
of placing round rod reinforcement within 
slabs as required to fulfil the various conditions. 
In cases where slabs bear upon walls, it may be 
impossible to get continuous construction, and the 
simple span, **one way** reinforcement may be the 
one type available. 

The designer should always, if possible, man- 
age to insert beams so as to divide up the slab into 
rectangular panels as near square as possible, and 
to place the steel in two directions. This **two- 
way*' reinforcement has an economy in it, whether 
it be of the simple or continuous type, for, because 
of the panel effect, it is permissible to calculate 
the bending moment more economically. 

In slabs, reinforcement should be placed so as 
to provide for the shear. This is especially true 
where long spans are used. Shear is amply pro- 
vided for when the rods are placed as shown in the 
accompanying details. 

Attention is called to the method of placing 
similar rods in continuous construction, so as 
to provide a truss form, within the concrete, the 
truss being accomplished by means of the alternate 
arrangement of the rods. 
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Bending Moment in Slabs for Various 
Types of Reinforcement. 



On page 21 are illustrated two general styles o^ 
reinforcement, the simple and the continuous. The 
simple span under some conditionsmay be combined 
with the continuous construction, as shown between 
the other two types. Either the simple span, or the 
continuous span, or the combination single and 
continuous span may be used in two directions i n 
the same panel. Thus, in all, there will be six types 
of reinforcement, and under every t]^ a different 
formula is used for the calculation of the bending 
moment. 

For the simple span one-way type of reinforce- 
ment, M IS equal to }i WU where M equals the 
bending moment in foot pounds, W equals the dead 
plus the live loads per square foot, and L equals the 
span in feet. 

When this type of reinforcement is used in two 
directions the strength of the slab is very materially 
increased because of its being supported on the four 
sides, and it will be more than twice as strong, as if 
It were supported on two sides. Under these con- 
ditions the bending moment is considered equal to 
1-10 WL* in each direction, W being considered 
that portion of the total dead and live loads per 
square foot (see the table on page 14) carried on 
the span under consideration. 

For the combination of the simple and the con- 
tinuous tvpe one-way reinforcement, M is equal to 
1-9 WL , and for this same reinforcement of the 
two-way type M may be considered equal to 1-11 
WL' in each direction, W and L having the values 
as stated above. 

For the continuous one-way type of reinforce- 
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ipent, M is to be calculated as equal to 1-10 WL^ 
and where the two-way type continuous reinforce- 
ment is used M may be considered to be equal to 
1-12 WL* in each direction, W and L being subject 
to the conditions stated above. 

All tables here given, which involve the ques- 
tion of bending moment, are calculated for the 
simple span of the one-way type of reinforcement, 
where the bending moment M"/^ WL\ In order 
to use these tables with other types of reinforcement 
the totol dead and live load per square foot should 
be reduced to an equivalent load per square foot, 
by multiplying the load under consideration by a 
coefficient corresponding to the type of reinforce- 
ment adopted. The results given, by using this 
equivalent load in the tables, will be correct for the 
corresponding type of reinforcement. 

The coefficients for the various types are as 
follows : 

Coefficient for simple one-way type ■ l.OOO 

II „ combiaation simple and continuous one-way type •■ 0.888 

., ,, continuous one-way type - 0.800 

,, ,, simple two-way type ....,.■ 0.800 

,, combination simple and continuous two-way type - 0.727 

o „ continuous two-way type ■■ 0.666 

In continuous construction the designer will 
save himself trouble and make the construction more 
uniform, if he will make the end spans equal to 
0.95 of the interior spans. It will be found by 
simple calculation that if the exterior span is 0.95 
in length of the interior span, the formula for the 
bending moment equal to 1-9 WL' for end spans, 
will give practically the same bending moment, as 
will the formula M"1-10WL' for the interior spans, 
and the construction may remain uniform in thick- 
ness, and in size and spacing of rods. The same 
conditions hold true for the continuous types. 
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Bending Moment in Slobs for Vorious 
Lodds dnd Spans. 



For slabs of various spans under total uniform 
live and dead loads, per square foot, ranging from 
five-foot to twenty- four- foot spans, and from 75 
pounds to 1000 pounds load per square foot, the 
bending moment in foot pounds is given in tables 
on pages 23, 24 and 25. These tables are used in 
connection with the tables given on pages 31 to 
42. 

Example: What is the bending moment in 
foot pounds for a simple span of 12 feet of the one- 
way type of reinforcement under a load of 250 
pounds per square foot? Answer, 4500 foot 
pounds. 

Example: If the span is simple, uniformly 
loaded, of the two-way type of reinforcement, the 
panel being square, what bending moment, in 
each direction, will be attained for a panel 14'xl4', 
under a total load of 500 pounds per square foot 
(see page 20 and page 14)? 

Answer: 0.5x0.8x500"200 pounds per square foot, 
the amount to be used in the table. The bending 
moment would be 4900 foot pounds per foot of width 
in each direction in the slab. 

The bending moment in slabs of the contin- 
uous one-way type of reinforcement, and of the 
continuous two-way type of reinforcement may be 
found in the same way by reducing the total ac- 
cording to the coefficients called for upon page 20. 
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Bending Moments in Slobs Per Foot of 
Width. 
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Bending Moments in Slobs Per Foot of 
Width. 
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Bending Moments in Slobs Per Pool of 
Width. 
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Properties of Sldbs. 



On page 6, the method of calculation of a 
reinforced concrete beam having a aeptn or one 
inch from the extreme compression fibre to the 
center or tension, is explained. The table shown 
on page 28 indicates the properties of slabs, based 
upon the principles developed in the discussion of 
the slab one inch in depth. 

In the first column the diflEerent thicknesses 
of the slabs from 2>^"tol8'' are given. This 
**thickness of the slab*' means the entire slab, in- 
cluding the concrete on the under side of the rod. 
The second column gives what has been previous- 
ly explained as the depth of the slab in inches, 
meaning the distance from the center of tension 
to the extreme fibre in compression. This depth 
is arrived at by the use of one-half inch of con- 
crete, outside of the metal, and by the assumption 
of the size of rods which would probably be used 
in the slab under consideration. In the third col- 
umn is given the effective depth in feet, which is 
equal to 0.85 of the depth, as previously explained. 
The fourth column indicates the tension which 
would be required in the slab, in the form of steel, 
if the slab were stressed in bending, so as to de- 
velop its full capacity, at an extreme fibre strain of 
500 pounds to the square inch. The fifth column 
gives the moment of resistance in foot pounds, for 
the various slabs. This moment of resistance is a 
maximum capacity of the slab, and will not be in- 
creased by an additional amount of steel over that 
called for in column Four. Column Six indicates 
the cubic feet of concrete per spuare foot of slab, 
and is to be used in estimating purposes. Column 
Seven indicates the weight of the concrete calcu- 
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lated at ISO pounds to the cubic foot. This is 
used in connection vrith the calculation of the 
dead load. 

This table is useful in determining the thick- 
ness of the slab and the tension required » after 
having calculated the bending moment in foot 
pounds. 

Example: If a slab has such a span and load 
as to develop a bending moment of 2600 foot 
pounds per foot of width, what slab will be re- 
quired to furnish the proper moment of resistance? 

Answer: A slab six inches thick will provide 
a moment of resistance of 2636 foot pounds per 
foot of width, and the tension required in the steel 
will be 7088 pounds; the weight of the slab will be 
75 pounds per square foot, and it will contain 0.5 
of a cubic foot of concrete. 
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Properties of Stabs. 
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Moment of Resistonce of Slobs. 



The tables from page 31 to page 42 give the 
moment of resistance in the various thicknesses of 
slab, ranging from 2/4" to 12'' total thickness, this 
thickness including the concrete on the under side 
of the rods. These tables are to be used in con- 
nection with the tables of bending moment in foot 
pounds given on pages 23 to 25. 

From the theory of the concrete beam given on 
page 6 it will be seen that the safe capacity of any 
thickness of slab, is reached when the concrete has 
been strained to 500 pounds per square inch in the 
extreme fibre, and that a greater amount of steel 
placed in the slab than is required to produce this 
compression is wasted. In these tables the top 
figure in any column, indicates the maximum 
moment of resistance in foot pounds, which the slab 
is capable of resisting, and rods spaced closer to- 
gether than the corresponding distance shown will 
be of no advantage. 

Example : What thickness of slab and what 
sizes and spacing of bars will give a resistance of 
4,900 foot pounds per foot of width ? Answer : An 
eight-inch slab with H'' rods 6'' on centers, or a 
9^; slab with ^'' rods 10'' on centers, or a lO'' slab 
with ^" rods 13" on centers. 

It is obvious that the first one is most econom- 
ical, as the maximum amount of strength is being 
obtained from a minimum quantity of concrete. 
For the sake of economy, however, it would be well 
to use ^" rods spaced such a distance on centers 
as to give the same tension as the ^" rods 6" on 
centers. This may be obtained by referring to table 
on page 60. The advantage gained is that the price 
of ji' rods is slightly less than that oi H'\ and that 
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less pieces need be handled, thus reducing the cost 
of labor. Rods may be spaced within a slab with 
safety up to a distance on centers equal to double 
the thickness of the slab. 

Where the surface of the slab is finished for a 
wearing surface, it may be considered as a part of 
the total thickness of the slab, provided it is placed 
at the same time as the body so that it is thoroughly 
bonded together; but if this wearing surface is 
placed at a later date, it should in no case be con- 
sidered as giving any strength to the slab. 
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Two and One-half Inch Slabs One Foot Wide. 
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Three Inch Slabs One Poot Wide. 
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Three ond One-half Inch Slabs One Poof 
Wide. 
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Three Inch Slabs One Foot Wide. 
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Three and One-half Inch Slabs One Poof 
Wide. 
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Four-Inch Slabs One Foot Wide. 
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Pour and One half Inch Slobs One foot Wide 
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Five Inch Slabs One Foot Wide. 



M0Mr.NT-'l^L513TANCi:- 

IN rooT FboNDs '—^SuabsVhick. 

WITH VAH.IOUi SIZ-E."*. SPAONCj •"'Rooa 


D» 

o 8 

z »i 

- 01 




DIAMCTEITZ. orT2.op^. || 




I" 




i' 


f 




.5' 


.»' 


.^' 


.»' 


5 


Itll 


>-r5i 






1 " 

52 


nt9 


1S»3 






C' 


1014 


I4S3 






^k" 


99 f 


l34o 


n J9 




7" 


3zo 


1-2-45 


IG, Iff 




If" 


8S9 


U<:.l 


ISo-l 




6" 


&00 


J ©a© 


14-13 




3" 


To^ 


9<il 


\zsc 




lo" 


C3<i 


&CS 


1 1 30 


n<;i 



BRAYTON STANDARDS 



37 



Six inch Slobs One foot Wide. 
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Seven Inch Slobs One foot Wide. 
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Eight Inch Slobs One foot Wide. 
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Nine inch Slobs One Poot Wide. 
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Ten Inch Slobs One Foot Wide, 


momlnt-]2l:)i:)Tancl 
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Twelve Inch Slobs One foot Wide. 
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Capacities of Slabs. 



The tables given upon pages 44 and 45 are 
calculated for simple one-way spans where the bend- 
ing moment is equal to }iW L^, W being the total 
dead and live load per square foot. In the table 
this total load per square foot is put at the top, 
while the span of the slab is given at the left side. 
In the body of the table is given the thickness of 
the slab in inches and the total tension required 
therein, in pounds per foot of width, to give the slab 
the proper strength to resist the load on the span 
given. 

Example : For a simple one-way reinforce- 
ment of the type shown upon page 16 and having a 
span of 12 feet, what thickness of slab will be 
required and what tension will be necessary per foot 
of width to carry a total dead and live load of 175 
pounds per square foot ? Answer : The total thick- 
ness of the slab is 6.50 inches and the tension re- 
quired 7,800 pounds per foot of width. 

Example : In a square panel 14' x 14' of the 
simple two-way type of reinforcement, what thick- 
ness of slab and what tension per foot of width in 
each direction will be required to carry a total live 
and dead load of 500 pounds per square foot ? (See 
page 14 and page 20 ) Answer: 0.5 x 0.8 x 500 
"200 pounds per square foot. The thickness of the 
slab from the table will be 7.98 inches, or practically 
8 inches, and the tension in each direction per foot 
of width will be 9,750 pounds. 

In case the panel is oblong, the coefficients 
given on page 14 are to be used in determining the 
amount of load which goes in each direction, instead 
of considering that one-half of it goes each way as 
above. 
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Copocities of Slobs. 
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Copocities of Slobs. 




Load '^•^^^QUAR.n Toot 

•Live. *- Dt^ko- 


KlMl 


^5o- 


300* 


350-^ 


Aao* 


4So* 


SOo* 


s 


5.55" 
3eSd* 


42.SO* 


4os* 
4&00* 


4.a&d* 


4S< 

Stoo 


SSToo 


& P •4-(ee 




-4a-f 

SCmOO 


S.O-T" 


^3eo 


S.5-?" 
6^oo 


t' 


5400 




<&4eo 


4aso 


T-Z-OO 


4.40- 

TCtSo 


6' 


SIS* 
azoo 


C^aoo 




Taoo 


^i.a-r-' 

a3eo 


-T.ia* 
aaoo 


3' 


nooo 


laoo 


<i.ar 
, axso 


aaoo 


93SO 


a.oo'^ 
daoo 


bo 


Taoo 


dSoo 


Tsa-' 

9XOO 


a.oc/ 
daso 


loAoo 


(1 loo 


r' 


asso 


3»oo 


Joi oo 


a-ar*- 
loaoo 


9.M* 

t ISoo 


9.1 r 

IXooo 


tz 




lOlOft 


1 (ooo 


9.SI* 

ins-o 


lo.os* 
I't.S'oo 


lo-sa** 

l^too 


13* 


leloo 


s.or 


IXooo 


ix4oo 


lo.as" 

13XOO 


U.40-' 
14-Soo 


• 

14 


loaoo 


I2LOOO 


1 3eoo 


lO.do^ 

13-700 


lies" 

14^00 


fZ2.0- 
I5300 


15 


941' 


to.ts' 


i3aeo 


14-1 oo 


12.43- 
IS4oo 


l3oa* 

rCsoo 


14' 


lo.eo* 




|4.S^o 


iz.4a' 

ISnoo 


13. Xo* 
l(»4eo 


i3ea" 
nsoo 


n 


I3000 


U.4S* 
144SO 


ix.4a- 

ISTSo 


J3Zo"' 


13.^4' 


44.^4" 

lasoo 


>e 


I4-000 


IX. la* 
lS2.se 


I3.ea'' 


13.94" 
ITSoo 


»4.14' 
18SSO 




19' 




jzaa* 

fC2,oo 


13.19' 

n4.o« 


J4.C4* 
lasoo 






z« 


ix.za* 


13.4 A" 


14.54.* 
ie3«o 








21 


i^.ai* 


14.14.* 
laoee 


15.14' 
IdXSo 








1 

21 


ia.4a* 

meee 


1414 " 

lacoo 










1 
23 


14. 14.-' 


IS.34* 










24 


14.^4." 
IQSoo 


nLOSOo 












46 BRAYTON STANDARDS 

Ppopcpties of Wire 

The properties of wire given upon page 48 arc 
according to the Trenton wire guage. Only such 
sizes of wire are given as may be found useful in 
reinforcing of concrete. Sizes smaller than No. 12 
will never be used, and sizes larger than No. 3 
will probably be replaced by steel rods given in 
another table. 



Area of Wire Per Foot of Width. 



The table on page 49 gives the area of wire, 
in square inches per foot of width, in slabs, for the 
various gauges from No. 1 to No. 12, and spacing 
from 1' to 12". This is based upon the sizes of 
wire given in the table on page 48, and is accord- 
ing to the Trenton wire gauge. 

Example: If a form of wire mesh is to be 
used as reinforcement requiring a total area of 0.12 
of a square inch of metal per foot of width, what 
sizes and spacing of wire should be used? 

Answer: No 9 wire spaced 1/4" on centers, 
or No. 8 wire spaced 2" on centers, or No. 3 wire 
spaced 4/4" on centers, etc. 
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Tension in Wire per Foot of Width 



Wire is manufactured with a very high carbon, 
and some manufacturers recommend a safe capacity 
on wire, of 40,000 pounds or 50,000 pounds per 
square inch, the wire which they supply testing up 
to 100,000 pounds elastic limit, or even higher. We 
do not consider this good practice, and in fact would 
not advise the use of any tension higher than 28,000 
pounds per square inch. 

The table on page 50 gives the total tension 
produced in wire, for Trenton wire guages, from 
No. 1 to No. 12, and spacing from 1" to 6" where 
the fibre strain is 16,000 pounds, 20,000 pounds, 
24,000 pounds and 28,000 pounds per square inch. 

In case it should be found necessary to use 
tension values of 32,000 pounds, 40,000 pounds or 
48,000 pounds, they can be arrived at by doubling 
the quantities given in the table. 

Example : Where a metal fabric having No. 7 
wire spaced 3" on centers is imbedded in a slab, 
what tension value is given to the slab per foot of 
width, when the allowable working load is 24,000 
pounds per square inch of metal ? Answer : 2,300 
pounds per foot of width. 
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Properties of Wire— Trenton Wire Guoge. 
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Area af Wire. 
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Tension in Wipe. 
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Properties of Round Rods. 



Round rods here illustrated are such rods as 
it is assumed will be commonly used in the rein- 
forcing of concrete. 1-16" sizes above Y^J' are 
omitted for the reason that it is not advisable to 
use them on account of running into such a 
variety of sizes. The designer can almost invari- 
ably adjust the design so as to use the sizes of rods 
here given, and a little study in this direction will 
be well repaid in the added convenience in secur- 
ing the material. 



Area of Rods Per Foot of Width. 



The table on page 58 gives the area of rods in 
square inches per foot of width, in slabs, for the 
various diameters, from %'* to 1" and spacing 
from 3" to 16". 

Example: What size of rods and spacing will 
give an area of 0.74 of a square inch of metal per 
foot of width? Answer: /4" rods 3" on centers, 
or 9-16" rods 4" on centers, or 11-16" rods 6" on 
centers, or ^" rods 7" on centers. The last is 
the most economical to use because the ^" size 
comes under the base price for steel, and rods of a 
small size will cost an extra amount. The spac- 
ing of 7" is not too wide, for it is less than double 
the thickness of a 10" slab, and it will be seen by 
reference to page 28 that no slab less than 10 ' 
will require, when fully loaded a tension equal to 
12100 pounds, which is the strength of ^" rods 
7" on centers. At a fibre strain of 16,000 pounds 
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per square inch a 10" slab is the thickness which 
must necessarily be used. If so large an area as 
0.74 of an inch of metal is taken per foot of width, 
it would be more economical to use a still larger 
size bar, spacing wider apart in order to economize 
in the handling. 1" rods 12" ' on centers would 
be the size and spacing recommended. 



Tension in Rods Per Foot of Width. 



Round rods of a high carbon for use as rein- 
forcement may be had at a slight advance in cost 
over plain open-hearth or Bessemer steel. The 
steel rods should never be stressed at more than 
one-half the elastic limit of the steel, and in no 
case beyond 24,000 pounds per square inch. Or- 
dinary Bessemer or open-hearth steel as found on 
the market should be figured at a safe fibre strain 
of 16,000 pounds per square inch. 

The tables on pages 59 and 60 give the ten- 
sion in steel rods for the various sizes from /^" to 
1", with spacing from 3" to 8", and for fibre 
strains of 16,000 pounds, 20,000 pounds and 
24,000 pounds per square inch. 

Example: If %" bars are placed 8" on cen- 
ters, what tension is developed at a fibre strain of 
16,000 pounds per square inch. Answer: 10600 
pounds. 

These tables are conveniently used in connec- 
tion with the tables given upon pages 44 and 45, 
where the thickness of the concrete slab is given 
together with the required number of pounds ten- 
sion to be supplied in the steel. 
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Weight of Rods Per Square Foot. 

When steel rods are placed within slabs, it is 
convenient for estimating purposes to reduce the 
weight of the steel to a square foot basis in order 
to take ofi the quantities conveniently. The 
table on page 61 gives the weights of rods for 
various sizes, and spaces center to center, where 
the rods are laid in one direction only. In case 
the reinforcement is of the two-way type, and 
same reinforcemtnt in each direction, the weights 
given in the tables should be doubled. In order 
to make an estimate accurate, the extra length of 
rods required on each span should be added to the 
weights given in the table by means of a percent- 
age. Continuous reinforcement usually requires 
about 25% additional weight per square foot in 
order to make up for the extra length of the rod 
which laps over into the adjoining panel. 

Example: Where %" rods are used for con- 
tinuous construction spaced 12" on centers, the 
reinforcement being of the two-way type, how 
much will the rods weigh per square foot of slab? 

Answer: 1.502x2+25%=3.755 pounds per 
square foot. 
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Properties of Round Rods. 
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Properties of i2ound Rods. 
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Area of Rods. 
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Weight of Rods. 
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Beam Reinforcement. 



Beam reinforcement is shown for three types 
of beams, similar in their general character. The 
four-rod type of beam reinforcement shown upon 
page 64 is the simplest form and the one recom- 
mended for general use. For interior spans, the 
four rods composing the beam are exactly alike. The 
truss arrangement is formed by means of two of the 
rods having their bent portions turned each way in 
each beam. The shear in the beam is amply pro- 
vided for by means of the tension rods, which extend 
to the top chord and continue over the point of 
support, and also by means of the shear loops, which 
are spaced on an average of twelve inches on centers 
throughout the length of the beam. By means of 
their interlocking with the spacing bar and slab rods, 
these shear loops thoroughly tie the floor slab to the 
beam and insure its action as a tee-section. 

There is no ironclad rule to determine the 
depth of a beam so long as all stresses are cared for, 
but in general it ought to be assumed that the height 
of a beam, from the top of the slab to the extreme 
bottom of the concrete, is at least equal, in inches, 
to the span of the beam in feet. 

The sizes of loops which should be used with 
beams of various heights are given in the table on 
page 75. 

For end spans of beams a slightly different form 
of rod is shown. 

The six-rod type of beam shown on page 65 
is exactly like the four-rod type except that two 
straight rods in the lower portion of the beam have 
been added. This is merely a convenient way of 
increasing the strength of the four-rod type of beam* 

Care should be taken in designing these beams 
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that they are not assumed so shallow that the com- 
pression flange of the beam, together with the 
assistance of the slab, is not sufficient to equal the 
tension in the rods used. To avoid this a deep beam 
should be assumed, if possible. If not, steel must 
be placed in the compression flange to give assistance 
to the concrete. 

The eight-rod type of beam reinforcement is 
shown upon page 66. This type is used where ex- 
ceedingly heavy girders are required, and especially 
where the shear in the girders is a maximum, the 
great number of rods passing up on the diagonal at 
each end, together with the horizontal ends of the 
rods at the bottom extending into the column, pro- 
viding an abundance of shear. The designer should 
take into consideration the compression strains de- 
veloped in the compression chord, and should also 
provide a beam of sufficient width to give room for 
the placing of the rods. 
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Bending Moment in Beams. 

The bending moment in uniformly loaded 
beams for simple spans from 5 feet to 50 feet long, 
and for total live plus dead loads of from 5,000 
pounds to 100,000 pounds is given in the tables on 
pages 68, and 70. These tables of bending moment 
are to be used in connection with the moment of 
resistance tables for beams, given upon pages 72, 
and 74 It is understood that the moment of re- 
sistance in any beam must always exceed the bending 
moment given in these tables. 

Example : What is the bending moment in foot 
pounds in a beam of 16-foot span under a total 
uniform load of 35,000 pounds ? Answer : 70,000 
foot pounds. 

Example: What reinforced concrete beam will 
resist this bending moment of 70,000 foot pounds ? 
Answer : From page 72 a beam of the standard 
four-rod type having a total depth of 22" and four 
1" rods for reinforcement will give a moment of 
resistance of 70,000 foot pounds. If a shallower 
beam is required, one of 18" depth and having four 
1/^" rods will give the required moment of resist- 
ance. 

For beams having concentrated loads the 
bending moment must be calculated by the usual 
methods, as explained in text books on mechanics. 
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Bending AVoment in Beoms. 
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Bending Moment in Beoms. 
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Moment of Resistance in Beams. 



The tables on pages 72, and 74, give the 
moment of resistance in foot pounds, for beams from 
10" to 36" in depth, and containing rods from }i" 
to l}i" in diameter, and of the four-rod, six-rod 
and eight-rod types, illustrated on pages 64, and 
66. These tables maybe used either in connection 
with the bending moment in beams having concen- 
trated or uniform loads. 

Example : If a beam is to be 20" in depth and 
must have a moment of resistance of 49,000 foot 
pounds, what size rods will be required ? Answer : 
Four ^" rods. The table also indicates that the ten- 
sion area of the four ]^" rods is 2.405 square inches, 
that the tension value of these rods at 16,000 pounds 
per square inch is 38,800 pounds and that the effect- 
ive depth in a 20" beam is 1.27 feet. The effective 
depth means the distance from the center of tension 
to the center of compression. 

In connection with these beams of the four, 
six, and eight-rod types, loops must be provided of 
various sizes according to the depth of the beam. 
The table on page 75 indicates the size of the loops, 
together with the length of the pieces and the 
weight required for various heights of beams. It is 
usual to space these loops closer at the ends of the 
beam than at the center, but on an average there 
should be a loop for each foot of length. The es- 
timator will note that the fourth column, which 
gives the weight of the loop, will also give the 
weight of loops per lineal foot of beam if the above 
rule is followed, and in estimating, if the lineal feet 
of beam are taken, the weight of the loops required 
is readily calculated. 
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Four-Rod Type of Beams. 
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Six-Rod Type of Beoms. 
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Eight-Rod Type of Beoms. 
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Shear Loops for Beoms. 
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Columns. 

From pages 78 to 85 are given the capacities 
of reinforced concrete columns ranging in size 
from 10"xlO" over all dimensions, to 24"x24", 
all the different sizes of columns having the sizes 
of rods practical to be used, the area of the steel 
corresponding to the rods, the weight of rods per 
lineal foot of column, the maximum height at 
which the column should be used for its full capa- 
city, and the full capacity of the column under the 
conditions stated. 

In these columns the net cross-sectional area 
of the concrete, with the exception of one inch 
around its perimeter, has been calculated at 350 
pounds per square inch direct compression. The 
steel rods have been calculated at a compressive 
value of 12,000 pounds per square inch. 

It is considered that in a concrete column for 
the sake of economy, the outside dimensions will 
be the same from the bottom to the top of the 
building, and that the concrete with the exception 
of a slight difference in net area will carry the 
same amount of load, but that the rods will change 
in size as the total load changes, the steel being 
added in sufficient amount to give the total re- 
quired capacity at the unit stresses already given. 

It will be noticed that no attempt has been 
made to keep the proper ratio of the modulae of 
elasticity of the concrete and the steel. If the 
ratio was assumed to be 12, and the concrete pres- 
sure kept at the point usually assumed, the steel 
would be necessarily figured at so low a value as to 
make the use of the column prohibitive on ac- 
count of its expense. 

Some authorities recommend stressing the 
concrete on the diameters here given, to as high 
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as 700 pounds per square inch. It will be found 
in the majority of cases of the columns herein 
given, that if the test were applied as to the ratio 
of the modulae of elasticity being 12, that the con- 
crete is not stressed beyond 700 pounds per square 
inch, and it will be found in the same columns, 
that if the value is assumed 700 pounds per square 
inch on the concrete, that the steel pressure is 
extremely low, which puts the columns on a most 
conservative basis. 

On the other hand, in those columns where 
because of the ratio of 12, the concrete is appar- 
ently stressed beyond the safe point, it will be 
found invariably, that the steel might be assumed 
to carry the entire load, without assistance from 
the concrete, without being stressed to more than 
13,000 pounds or 14,000 per square inch, which 
is abundantly safe in itself. 

Regardless of what the modulae of elasticity 
may be, the columns as given here are considered 
by many engineers to be extremely conservative, 
and have given satisfaction in some of the most 
prominent concrete buildings in the United States. 

Concrete for use in columns should be mixed 
in the proportions of one part of portland cement, 
to two parts of sand, to four parts of hazelnut 
stones. 

Column reinforcement is shown on pages 64 
to 65 in connection with the four-rod type of beam. 
A section through the column shows how the 
binders which are formed of round rods are placed 
about the vertical column rods to form a tie. The 
principal advantage in this form of binders is that 
it provides a space down the center of the column 
for the placing of the concrete, and for the pudd- 
ling required to bring the cement in close contact 
with the steel. 
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Ten Inch Column. 
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Twelve Inch Column. 
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Fourteen Inch Column. 
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Sixteen Inch Column. 
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Eighteen Inch Column. 
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Twenty Inch Column. 
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Twenty-two Inch Column. 
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Twenty-four Inch Column. 
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Column Binders. 



Column binders, regardless of the size of the 
column or the capacity therein should be of the 
sizes given in the accompanying table on page 87, 
and in all cases the binders should be spaced 12^' 
on centers. The table gives the size of the col- 
umn together with the size of the binder, and the 
length of the pieces from which it is made in feet 
and inches, and its total weight in pounds. These 
binders are based upon the detail given upon page 
64, and it will be noticed that for columns larger 
than 10"xlO" where eight rods are used, each 
binder consists of two pieces, the one set on the 
diagonal, as shown. The binders being spaced 
just one foot on centers, the weight of the binders 
given in the table is convenient for estimating pur- 
poses, being the weight per lineal foot of column. 
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Column Binders. 



• COLUMN DINDE-US- 

•5rZC. -LtNC,TH-WtlC,MT- 


COI.UMH 




rum. TWO Ficc>» 
KC«b ro« •MB. 

O0MFt.B.T«. »|NDU 


or OMB. 


lO**!©" 


2" 


3-2-' 


I.Zo" 


IZMZ" 


it 




3.1* 


14V 14.* 


1" 
id 




4..r 


\0\c: 


1" 


A'-c" 
5'-i" 


4.4a' 


1 16'iler 


r 


4'-<t- 
5- to" 


s.ze* 


20"* Zo* 


2 


S-o" 


1. <;4* 


22; 22" 


■I' 




8.44* 


24"'' 24" 




a-o" 


9.34' 



88 BRAYTON STANDARDS 

Footings. 

A reinforced spread footing is one in which the 
reinforcement is used to give the footing a great 
spread at a shallow depth. The reinforcement 
should be always arranged to take care of the shear 
in the concrete, similar to that shown in the detail. 
The column is given a bearing on these footings, 
by a steel plate within the footing and short pieces 
of steel of the same diameter as the column, being 
of steel of the same diameter as the column rods, 
being ptovided in such a way teat the column may 
be conveniently started, a splice being formed the 
same as at any floor level above. 

Footings of the pyramid type do not require 
reinforcement, as the concrete is of such form as to 
furnish enough tension within itself. Usually foot- 
ings of this character are supplied with cast iron 
base plates underneath the columns. This base 
plate is most conveniently formed of the box type 
in which the steel rods are extended to the bottom 
plate of the cast iron base. 
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Footing. 
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Stoirs. 

Stairs in reinforced concrete are economical and 
the most thoroughly fireproof type of stair con- 
struction possible. They may be finished on top 
either with a cement finish, or merely the structural 
portions of the stair may be built in concrete, and 
the top finished with marble, mosaic, cast iron, or 
other material suitable to the architectural require- 
ments. 

The type of stairs here detailed is that where 
stringers are not used but the treads are built direct- 
ly upon a slab. This method is entirely satisfactory 
for short spans. Where the span becomes so great 
that the dead load of the stairs plus the live load 
requires a very thick slab, a stringer should be built 
at each side, the treads spanning between and acting 
as beams. The stringers are calculated the same 
as beams, the details being suited to resist the shear 
produced at the various angles. 
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Adhesion of Concrete to Rods. 



Tests show that plain rods imbedded in con 
Crete will develop an ultimate adhesion of something 
over 200 pounds per square inch. It is considered 
in good practice that 50 pounds per square inch is 
safe. In case the rods should be imbedded with a 
hook on the end or in a curved form, because of 
the increased friction, far more than 50 pounds to 
the square inch would be developed. In the case 
of heavy rods imbedded as tension members, care 
should be taken that a sufficient length of bar is 
imbedded in the concrete to develop the strength 
of the rod itself at the strain for which it is calcu- 
lated. 

The table on page 94 indicates the length of 
rods of various diameters imbedded in concrete, so 
that when the adhesion equals 50 pounds per square 
inch of surface, the strength of the rod will be fully 
developed, the fibre strains being calculated at 16,000 
pounds, 20,000 pounds and 24,000 pounds per 
square inch. 
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Adhesion of Concrete to Rods. 
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Lumber for Forms. 



On page 101 is given a method of building forms 
which are entirely collapsible, and which have been 
used extensively in the construction of buildings. 
This method of construction has proved extremely 
satisfactory because of its economy. The use of 
the 2" solid plank may seem superfluous but in the 
end it is the cheapest way, because the 2" plank 
will hold its position without being nailed, where a 
Ji" board would warp or would be broken by the 
handling of the material on top of it. Furthermore, 
heavy forms will have more salvage in them than 
light ones, coming out almost without damage. 
Forms should be figured to be used from two to 
four times, depending upon the size of the building. 
Usually if time permits, it is possible to use the 
forms three times in a 9-story building. Weather 
being suitable, forms may be removed in 20 days. 

Setting of concrete may be hastened by heat 
supplied by radiators, or preferably by a fan system. 

The general system of forming is that the joists 
are supported upon the beams by means of a loose 
piece of 4 X 4, which may be removed, thus remov- 
ing the entire support of the joists, which are not 
nailed in place, and they may be immediately taken 
down, together with the 2" plank used for the slab. 
After the removal of the joists and the slab, the 
forms for the beams are removed by opening them 
away from the beam, the sides swinging on the bolts 
which act as hinges at the lower ends of the battens. 

Column forms are built entirely of 2" stuff 
having each side held together by battens. Binders 
for the column forms consist of 4 x 4 pine slotted 
at the ends to receive /4'^ bolts having malleable 
cast washers. It will be noticed that the beam 
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supporting the joists is slightly different from the 
beam parallel to the joists. 

The table on page 102 indicates the board 
measure to be used for slabs, beams and columns, 
slabs being given per square foot, beams of the two 
types being given per lineal foot, and columns being 
given by the lineal foot. The sizes of the beams 
below the slab are noted in inches together with 
the number of feet board measure required to build 
the forms. Columns for various sizes are given to- 
gether with the board measure required to build the 
forms, the forms including all battens, binders, etc. 
Beams and columns of other sizes than those given 
may be determined by interpolation. All struts 
supporting the beams are included in the board 
measure here given. 
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Lumber for Forms. 
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Proportions of /Woteriols in Concrete. 



The tables from pages 100 to 103 are taken 
from experiments made at the University of Cornell, 
and it has been found by experience that the pro- 
portions of the various materials required to make 
one cubic yard of concrete agree fairly well with the 
quantities given in these tables. They are not given 
as being absolutely correct, but as the best available 
information on the subject and entirely satisfactory 
for estimating purposes. For use in reinforced con- 
crete the table for gravel, given upon page 100, and 
the one with the hazelnut stone, upon page 101, 
should be used. Stone of 2" size is rarely used in 
reinforced concrete. 

There should be an abundance of water mixed 
with the concrete used for reinforcement, as it gives 
a tougher mixture when fully set and is more econ- 
omical in placing; it comes in closer contact with 
the steel and the cement is more likely to thoroughly 
coat every surface than where the concrete is so dry 
as to require tamping. 

For reinforced concrete work in which the ex- 
treme fibre in bending is strained to 500 pounds 
per square inch or direct compression is figured at 
350 pounds per square inch as in these tables the 
proportions of one part of cement, to two parts of 
sand, to four parts of hazelnuf stone or gravel are 
recommended. 
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Grovel Concrete. 
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Hazelnut Stone Concrete. 
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Gpovcl Concrete. 
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Hazelnut Stone Concrete. 



Amounts or cnMt-HTOANo^OTONii 
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Graded Stone Concrete. 
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Co 

c.s 

-lo 
t.5 

a5 


0.92 

o.a4 
o.ai 
o.Ta 


0. SCm 

0. S3 
0. SI 
O- So 

o.4e 

0. 4'C> 


0. a4 
0. et 
0. ^0 
0. 93 

0. 9S 

0. 9e 




5.0 
SO 


9.0 

lo.o 


0. t-T 
63 


a. 52. 

0.4.8 


©.93 




6>.o 


U.o 

I-Z..O 


0.56> 
0.54 


0.52. 

o.4d 


0.94 
o.9e 






13.0 


0.4a 
0.4<i 


0,51 
4S 


0. 9S 
0.9A 
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Two and One-half Inch Stone Concrete, 



AMOUNT^^o-r CCMELNT-^AND^-OTONIl-l 
QELOU IT^CD roc CONCT2.tl.Tt:- KlXTURtl^ 


CoMCR-tLXE- With ^towl. Z.:?" 


PaoPOE.TioM*> 1 


12.L<^aiaE.D '«»* 1 <iuc>«<- ^-ft.«.l? II 


iMCM-t 


5ano 


Stonc 


»»I.V 


Sa^o 


S>-roM*- 




l.o 
1 o 
1 o 


Z o 
X 5 

3. o 


Z. I<i 


0.41 
0. 31 
33 


o.e3 
o.^z 
0.^6 


; 


15 
15 
1.5 
1.5. 


^S 
3 o 
3. S 


Z. IC 
«. 9G 
119 


0.4S 

0.^1 
38 


0.8Z 

0-89 
o.9C» 
^oo 




7, o 
ZO 
2..0 
2.0 


3 o 
3.5 

-4-.S- 

1 


1. 18 

1 ■ (^Cm 

\. 53 

1 .43 


0. S4. 
0. 30 
0.4T 
0.^3 


o.8t 

0. ee 

. o.e3 

0. 96 




2.-5 
Z.5 
Z S 
ZS 
7.5 


3.S 

S.o 
S S 


I. S I 
K4Z 
1.33 
I.2.C. 
1. 18 


0.58 
0. 5<4- 
0. 51 

0. Aa 

0. 44- 


o.el 

0.8T 

0-91 
0.96. 
0.99 




3.0 
3.0 
3.0 
3.0 
3.0 


>».o 
4.S 
So 
S.S 
6.0 


1.32 

1. n 
in 

1 . oC» 


0. <^o 

0. ST 
0. 54. 
0. SI 
0.48 


0.80 

0.8S 
0.89 

o.^3 
0.9T 




3.S 
35 
3.S 
3.5 
3.S 


5.<» 
S.S 

<i.S 
To 


1.00 
0.91 


0. S9 
0. 5C 
O.S3 
0. 51 
0.49 


0.8S 

o.e© 

95 
3B 




4o 
4.0 

A.o 
4.0 


6.0 
6>.S 
l.o 

n.s 

8© 


0.9s 
0.91 
0.81 
0.84- 
0.8 1 


0. 58 
0. SS 
0. S3 
0. SI 
0.49 


0.81 
0.90 

093 

0.9^ 
98 




S.o 
So 


8.0 


O.T^ 

o.no 


« .ST 
0. S3 


0.9T 
o.9€. 






3.0 

10.0 


o.GS 


.sd 

. SCf 


o-a^ 

0.9B 


I 


lii 


11. 

IZ.O 


a.BA- 
sz 


o.Sl 

ss 


0.^1 
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Graded Stone Concrete. 



amount:!? or CliMClNT-DAHD *"OTOM:l 


CONcit^ElTiL. WITH .^TOtSE^ Zk"*-» UNonT^ 


PROPOJS-rrciMJS 


i^£.caun3.i.c? r^«^ 1 cu&ic T/>^>ti3 [| 


LCWthT 


5a HD 


CftLf^'/S.L 


Cement 






M 


( o 
1 o 

1 o 


3. o 
3.S 


1. ©6 


0. 3 2. 


e« 

1.00 




+ .5 

|.$ 
J, 5 
1-5 


as 

4. a 
-4-5 


2 r?& 

! 14 

L^ 1 
14^ 


A© 0. ao 

fi.4B O.OT 
0. 4 &' 9 3 
a. 3T 13. 9 fc 
& . 33 1 loo 


[ 




3 o 

4* 
4-S 


^ i 1 


s:a 

0. 4 3 
<^ AS 
431 
<^ 3 9 


19 

- 90 
^s 




2 S 
t.5 


3 S 

4..0 
4-S 
So 
»S 


; r4a 

1. 3.^ 

I. ^1 
i, t 5 

1. c*-r 


s<^ 

a. 5 3 

C 4lt 

0, 44 

0.41 


0. &a 

3^ 

s^ 

0^ 9© 




3 o 

SO 

5 o 
■is 


4 S . 




0. sa 
Q. ss 
0. 53- 
o.4«a 

o-h4T 

D.44 

; o.4i. 


&1 
0, 3 3 

0. 9 a 




3.S 

2>,5 
3.5 


So 
5 5 

n.s 


l.oT 


0. s-f 
S4* 
5 1 
^A3 
41 
AS 


a as 

o- 69 

P. as 




A0 
4 o 
-* o 
4 o 


IS 

a*. 

&5 


0.00 


4. S4i 






5£> 

so 


9,o 




^r 






iid 




|_i 


*1 e 


m 
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Gravel Concrete. 



Amount::) or 


CIlMENTOi^ND ^ 


-OTONC 1 


"RtauiREX) 


ro* CONCR-CTC MlX^TUliC-^- 


CONCTaCTt U/ITM C^ieAVtL *" ano U^DtBt || 


T^IPOPORTIONS 1 


"RtOiOneEXJ roic I co 


BIC yA»x>- 


£MCNT 


3a MD 


CfEAVEL 


^^^i:iz 






n' 


l.o 


Z..JP 


2..I o 


o. 3-a. 


o. » o 


1 


l.o 


B.O 


1 .e» 


O. 2.9 


o> ac» 




(. O 


3.S 


I.T I 


O. 2& 


o. d 1 




l.o 


^. o 


1 5S 


O 24- 


o. S>4. 


1 


1.5 


3. o 


J. T 1 


O. 39 


o. 7 a 




1.5 


3 5 


1. ST 


o. 3^ 


o. a3 




1.3 


•4.0 


1.4^ 


o. 33 


oaa 




I.S 


-4..S 


(. 34 


0.3 1 


o- ^ 1 




1.5 


S.o 


1.24 


o. xa 


o 94 




a.o 


3.5 


l.4'4 


o. A4 


o.T T 




2 o 


-4.0 


1. 34 


O. 4 \ 


o. a t 




Z. o 


AS 


l.2<^ 


O 3a 


O. BCb> 




2..0 


S'O 


1. 1 "T 


O. 3<b 


o. ad 




2..0 


6.0 


I o» 


O. 3 I 


o. 94 


1 


2.5- 


A o 


1.24. 


o.-^T 


o. -t S 


1 ' 


2.5 


-4.5 


I. i & 


0.44 


o. 3o 


1 ' 


2.5 


S.o 


1. C O 


o.A 2 


o 63 


1 ^ 


2.5 


3.S 


\.o3 


0-39 


o. a^ 


1 ' 


2.S 


<••<> 


Odd 


O. 31 


0-6)9 




2.5 


To 


o ©© 


O. 33 


o. 3 3 




3.0 


So 


1 o 3 


O 4-T 


o. T a 




^o 


5.5 


o d-T 


O. AA 


o. e J 




3. O 


6».o 


0.9X 


o. 4 2 


o. e4 




^.o 


6.5 


o.&e 


e.4o 


O. OT 




Ao 


To 


0.64 


o. 3e 


o. a^ 




3.0 


IS 


o. &o 


O 31 


o. 9 i 




5 


a.o 


o. TC 


O. 35 


O. 9 3 




3. S 


& o 


o eo 


O. 4G 


o. e e 




3.5 


G.S 


0.&3 


o. 44 


o. a 2 




3.5 


n.o 


o. eo 


o. 4 3 


o. as 




3.5 


T.S 


o. Tii 


O. 4 ( 


o. a-r 




3.S 


Bo 


0.73 


o. ^S 


o. 39 




3.5 


S.5 


o 1 1 


o. 3a 


o. 9 1 




3.5 


d.o 


o.<ia 


O 3<i 


O 92 




4.0 


T.O 


o.T-r 


o. 4T 


O' a \ 




4 o 


T 5 


0.-1 3 


o 44 


o. aa 




A o 


d.o 


o.T 1 


o. ^ 3 


o. at^ 




A o 


as 


o && 


O. 4 2 


o. aa 




-4.0 


9o 


o. Cs 


o. 40 


o. as 




-f.o 


©5 


O. ^3 


o 3a 


o. & 1 




-q-.o 


lo.o 


o. 61 


O. 3-1 


o. 9 3 n 




So 


lo.o 


O 5T 


0.43 


o at 




5 o 


12 o 


O 5 1 


o 3a 


o ^-a 




d> o 


12 o 


o 46 


o 44 


o aa 




<* o 


lAo 


o43 


a A-o 


o.az. 




-1 o 


14 o 


O.-^-T. 


0.44 


o a.a 


II ' 


1 'I o 


i& o 


o36 


O 40 


o.^a. 
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Hazelnut Stone Concrete. 



AKOUNT^ or CELI^t-HTOAND^OTONH 1 


T?1LQUJRLD •'*»*COMCT2r.Tr.MlXTUBE.5- | 


Concrete, with "J-lAZ.ti-NUT'' 2>tone-- || 


Peoc»o^LTioM& 1 


"BE.Q.UI«.«.D W>« lCO&!C. YA«.0 II 


[tMtNt 


3AH0 


STOHt 


CtKlfcHT 


^A.MD 


S-roMC 




l.o 


2, o 


2. 5-T 


0.39 


0.1B 




I.O 


2.5 


2.2© 


0.3S- 


o.ae 




(.o 


3 o 


2.0^ 


0. 3 1 


0.94. 




l.o 


3.5 


I. BA 


0. X6 


0.9A 




1.5 


25 


XoS 


0.4.T 


o.Te 




i.S 


3.0 


\.BS 


O.4.2. 


0.8A 




1.5 


3. fi- 


I.TX 


0. 39 


o.%l 




1.5 


A.o 


I. 51 


0. 3C» 


0.^^ 




.5 


AS 


1.-43 


0. 3» 


o.9e 




z.o 


5.0 


J. -to 


0. sa 


O.IT 




ZO 


35 


LSI 


o.-*e 


0. a3 




%o 


A.o 


f .AG 


0.44- 


0.09 




Z O 


4.-5 


I.3C. 


0.4X 


0.93 




ZO 


S.o 


>.2T 


0.39 


0. 9-1 




Z 5 


3 5 


».4S 


O.S5 


o.T-T 




2 5 


.-!»•. O 


1. 55 


0. s:fc 


o.e2. 




2 5 


A.S 


1. XT 


o.AB 


o.e-T 




25 


S.o 


1. 13 


O.AC, 


0.9I 




x.S 


S.S 


i. 13 


0.-43 


0.94 




2..S 


e.o 


1. o-T 


0.-4 I 


0.91 




3.0 


A-.o 


1 .ZC* 


0. 5e 


o.TT 




3.0 


-4..S 


1. le 


0. 54- 


o.et 




3o 


S.O 


1. ( 1 


0, 51 


o.es 




So 


S.S 


\.a<» 


0.4a 


o.ae 




So 


(m.O 


».Ol 


0.4G 


0.92 




»o 


^ fi 


0.9a 


0.44. 


0.9.S 




9.0 


n.S 


0.3 \ 


0.4X 


0.9-T 




3 5 


so 


I. OS 


o- S€0 


o.&o 




35 


S'S 


1 .00 


0. S3 


O.BA 




3.5 


Co 


o.es 


0. So 


o.ftt 




3.S 


c^.s 


0.92. 


o.4d 


o.9» 




3.5 


T.o 


0.01 


0.47 


0.93 




3£ 


n.s 


o.a4. 


0.4S 


o.^G 




2>.S 


s.o 


O'&O 


0.42. 


o.3t 




4o 


Go 


0,90 


0. 55 


O.ftX 


1 


A.o 


6».S 


O.ftf 


0. S3 


o.as 




A.o 


no 


O.C>3 


0. S\ 


o.ftd 




A.o 


T.S 


0.60 


O.A9 


0.9 1 




Aa 


8.0 


o.m 


0.4t 


0.93 




A.o 


6.5 


0.14 


0.4S 


0.9S 




Ao 


d.o 


0.7 1 


0.4-3 


0.9T 




5.0 


So 


o.&C> 


.50 


0.90 




So 


co.o 


o.^x 


.4.-t 


0.9S 




<m.O 


1 l.o 


0.55 


O.SI 


0.93 




C0.a 


• 2.0 


0*3X. 


0.4A 


0.9S 




To 


I3.0 


o.<*-' 


. SO 


0.93 


* 


^.o 


1 lA- o 


1 0.4S 


0.4a 


0.9^ 
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Graded Stone Concrete. 



amount:^ or 


ce-munt-oand ^-otone. 


T^nauiT^tD 


^»« CoNCP-E-Tr. MixTucr:.r>- 


CONOTStl-rtl- WITH OTONE. Z^s" amo UNDCTS: II 


PcoPOR-rioM^ 


l2t<3»u»«.e.D r«« leoBJcTA.«.r> || 


Ce.MtNT 


5a NO 


^EAVtL 










lo 


Z-.O 


2.6* 


0.4.0 


0. 60 




I. o 


;zL 3 


2.3-^ 


0. 3^ 


o.e^ 




l.o 


3.0 


Z. lO 


0. 3 2. 


o.9<i 




l.o 


5. S 


f. ee 


0. xd 


1.00 




1.5 


25 


2. oe 


0.4-6 


0. eo 




1-5 


^o 


|. 90 


0.43 


0. eT 




1.5 


3. S 


I. -1-4 


0. 4o 


0. 9 3 




1.5 


-4.0 


l.<l> 1 


0. 3-T 


0. 9 a 




1.5 


«4-.S 


l.4.<i 


0. 33 


1. 00 




at.o 


3.0 


'•73 


C. 53 


0.19 




zo 


55 


[.C, \ 


0. 49 


as 




Z.o 


4 o 


i.<4e 


0. 4 5 


0. 90 




t.o 


-^.5 


I.3S 


0.42 


0. 9^ 




».o 


S.o 


1. -2.9 


0. 39 


0. sa 




25 


3.S 


u-^a 


0. sc 


0. -TS 




Z.5 


^.o 


i.3e 


0. 53 


0. a4 




2.5 


^S 


I.-2.9 


0.4.9 


0. ae 




3t.S 


S.o. 


i. 21 


O.AC, 


0. 92 




Z.5 


5.S 


1. t S 


0.4-4 


0. 3Cm 




«:5 


&.0 


». OT 


0. 41 


0. 9 a 




3.0 


^.a 


i.za 


0. sa 


o.ia 




50 


AS 


I.^SO 


0. S5 


0, az. 




».o 


SO 


1. 14- 


0. sz 


0. a-T 




5.0 


ss 


• .Of 


o.4«3 


0. 90 




3.0 


4.0 


l.oz 


O.^-T 


0. 93 




5.0 


4.5 


o.9e 


0. 44- 


0. 9<i 




3.0 


l.o 


O. ©2. 


0.4Z 


0. 9© 




3.S 


5.0 


l.oT 


0. St 


0. az. 




3.5 


55 


1.02. 


0. 54. 


0. ftS 




35 


<&.o 


o.^T 


0. 5 I 


0. a9 




3.S 


4.5 


0.95 


0. 43 


0.92. 




Z>.9 


n.o 


o. a9 


0. 41 


0. 95 




5.S 


n.5 


o.ec* 


AS 


0. 9a 




^.O 


&.0 


0.92 


0. SCm 


0. a4- 




^.o 


<:;..5 


0. ee 


0. 53 


0. en 




'4 o 


lo 


o.a^- 


0. S I 


0. 90 




-4.0 


T.5 


o.8t 


0. So 


0. 93 




-4.0 


e.o 


o.TB 


0. ^e 


0. 9S 




4.0 


a5 


-l<i 


C. ACm 


0. 9e 




5.0 


d.o 


0. fcT 


o.s^ 


©.9 3 




SO 


lo.o 


43 


0.4.8 


0.9& 




6».o 


\\.€> 


o.S<^ 


0.32. 


0. 94. 




&.0 


I-Z..O 


0.54- 


O.A9 


0.9a 




-l.o 


13. e 


0.4-6 


0.51 


0. 95 




n.o 


14-. «» 


0.4-(& 


A^ 
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Two and One-half Inch Stone Concrete. 



1 amount:!) or CE:MCLNT-^AND'^''o^TONr.- 
|q1LOU lUtLO ro«? CONCT2.ILTC- KlJCTURtl^ 


CoHCR.c--rE- wi-rn r^ToisL. 2^^" 


Pi2.oPoie."TiOf>j *> 1 


R.c<:^aiaE.D '<»* 1 <ioc>io ^As«.i? || 


iMCNT 


5ano 


^TONt 




Sa«o 


S-Pow*- 




\ o 

II 


Z A 

2. S 

3. o 


Z T2 

z -ti 

Z l<i 


O. 3-1 
O 33 


0.83 

o.9e 


I 


15 
15 
1.5 
1.5. 


Z3 

3. S 


2. IC 
1. 9G 

I.C4 


O.A9 
0.4S 

O.4.! 
o 38 


o.az 

€589 

0.9C. 
t.oo 




Z o 

2..0 
2.0 


3 O 

3.5 


1. 18 

1 • (,Cm 

1. S3 

1 .43 


O. S4. 
o. 3o 

0.^3 


o.at 
o. aa 

.0.^3 
o. 96 




2..5 

25 
Z.5 

zs 


3.S 

4..0 

t^ 
S.o 

SS 


LSI 
»T4Z 
1. 33 
I.ZC 
1. 18 


O.Sa 
O. 54- 
o. 51 

o.4a 

0.44 


o.e( 

o. a-T 

« 9 1 
0.9C, 
0.93 




3.0 

3.0 
3o 
3^0 


4.0 
4.5 
So 
S.S 
6.0 


I.3Z 
».«.4. 

1. n 

|. M 
l.oa 


o. &o 
o. 5-T 
O. 54. 
o. SI 
0.-48 


e. 8o 

oes 
o.a9 
0.93 

0.9T 




3.S: 
35 
3.S 
3.S 
3.5 


5.0 
To 


I. I I 
Leo 
0.3\ 


o. S9 

O. S<m 

O.S3 
O. 51 
0,4^9 


o.as 
o.ae 

o 9a 


j 


4.0 
4.0 

4.0 
4.0 


&.S 
•X.a 


0.9S 
0.9I 

o.8"r 

0.84- 
0.8J 


o. SO 

o. ss 

O. S3 
O. SI 
0.49 


o,8-t 
o 9o 
033 

98 




S.o 
S.o 


8.0 
9. o 


o-to 


o . ST 
O. S3 


o.9t 
34» 






9.0 

IO.O 


o.ciS 


o .S9 
o . sc» 


oae 

0.9B 


_J 


:i:S 


n.o 

12. o 


0.54- 
o SZ 


o .Si 
<=> SS 


O.^J 
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